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A New Higgs-Like Boson
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Great success of the Standard Model

SUQ2), ®U(1)y  v=246 Gev

1
Fundacién M, cos QW = MW =—vg
¥ Principe de Asturias ’ 2
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Possible Scenarios
of EWSB

©® SM Higgs: Favoured by EW precision tests

® Alternative perturbative EWSB:

My, T vATHT +1) — YR
M3 ey 25 Y7

Scalar Doublets and singlets Ptree =

©® Dynamical (non-perturbative) EWSB:

Pseudo-Goldstone Higgs

Scalar Resonance
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All (NLO) EW corrections == N, = 2.9844-0.008
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Higher-Order i
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Evidence of Electroweak Corrections
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Evidence of Electroweak Corrections
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First Measurement of M,y at LHC
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H decays into the heaviest possible particles

Branching ratios
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Strengths
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Signal
Strengths
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Strong (indirect) evidence for Higgs coupling to
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Strong evidence for Higgs coupling to 7 and b
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It is a Higgs Boson
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Heavier SM Generations? (v, m,)
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q Yukawa Loop

Heavy quarks do not decouple (result independent of Mg)

Mg — oo limit already good for the top quark

A. Pich EW & Higgs Physics 21



Heavier SM Generations? (v, m,)

9

Q
H M?
---  ~ Mg MQM—Z' ~ # M
Q

——— ——
q Yukawa Loop

Heavy quarks do not decouple (result independent of Mg)

Mg — oo limit already good for the top quark

4th Generation: Q,, Qg » o(gg — H)ag ~ 3% o(gg — H)sc

The LHC data exclude a 4" SM Generation

(up to fine-tuned cancellations with BSM contributions)
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QCD Exotics
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Invisible Higgs Width
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Lepton-Flavour-Violating Couplings

L=-H {Yeu & e+ Yer €Tyt Yp,‘r W, Te + - }

CMS 19.7 fbo (8 TeV)

CMS, 1607.03561

CMS 19.7 b (8 TeV)
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Br(H — 7€) <0.69% ,  Br(H — pe) <0.035% (95% CL)
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Higgs-Singlet Extension of the SM

V(®,5) = (jof - ;)2 (205 +b05?) (|0 —£) + L M2S? 4 25 5% + A5 S*
e Real singlet and neutral field: S = ST
* Minima: ($)=0 , (¢{9) = 60 = L (v+o)
M2 > a2 /(4)) >0

e Positive growing at large field values: A, As, be > 0

e Mass eigenstates (mixing): (-2 <a<i)

h\ _ [ cosa sina @) - 2av
(H)_{—sina cosa}(S ’ tan2a_2v2>\_M§

M2 =1 (£-A) < Mi=1(Z+A)

S = 2v2\ + M2 : A= \/(2V2>\ — M2)? + 4222
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The singlet scalar does not couple to fermions and gauge bosons

— SM - SM _
RV = Bhvv/Bhvy = COS v K= Yo [Yh = €OSQ

A. Pich EW & Higgs Physics 26



The singlet scalar does not couple to fermions and gauge bosons
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_ SM_
RV = Bhvv/Bhvy = COS

_ SM _
v K= Yo [Yh = €OSQ

Br(h — f) = Br(h — f)sum
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The
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singlet scalar does not couple to fermions and gauge bosons

_ SM , — SM _ ,
KV = Bpyv/8hvy = COS QY v Kf = Yo /Yot = COSQY

Signal Strengths: Br(h — f) = Br(h — f)sm

lh = COS® o
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singlet scalar does not couple to fermions and gauge bosons

KV = g/ 8hpy = cosa , Kf = Yo |YoRY = cosa
Signal Strengths: Br(h — f) = Br(h — f)sm
pn = costa vy ef = sin’a [L— Br(H — hh)]
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The singlet scalar does not couple to fermions and gauge bosons

| sinat | (upper limit)

A. Pich

— SM - SM _
RV = Bhvv/Bhvy = COS v K= Yo [Yh = €OSQ

Signal Strengths:

2

[ = COS* «

3 IU“H—>VV,ff_' = Sin2O[ [1 — Br(H — hh)]

Br(h — f) = Br(h — f)sum

—— W boson mass
EW observables (S, T,U)
- Ay perturbativity (tanp=0.1)
- perturbative unitarity (tan=0.1)
» LHC SM Higgs searches
- Higgs signal rates

200 300 400 500 600 700 800 900 1000

m [GeV]

EW & Higgs Physics

95% CL
Robens-Stefaniak, 1501.02234

m=My , A=A
tan B = 4vig/ag
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Universality of Leptonic Z couplings
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Sensitivity to the Number of Neutrinos
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LEPEWWG 2005
117 T T T

8 68.3 95.5 99.5 % CL|
014 0145 015  0.155
AI

a~H(M2) = 128.95 + 0.05
My = (3007%%) Gev
my = (172.7 £ 2.9) GeV

Heavy Quarks (Leptons)
Favour High (Low) My
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LEPEWWG 2005 Ry = (Z — bb)/T(Z — had)
—_ 20 RO
b d

0.221
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014 0145 015  0.155 RY Tl
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M= 114...1000 GeV

a”1(M2) = 128.95 4 0.05 AI
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Evidence of Gauge Self-interactions
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No evidence of vZZ or ZZZ couplings
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Higgs Production Cross Sections

Production Cross section [pb] Order of
process Vs =17TeV Vs =8 TeV calculation
ggF 150 = 1.6 19.2 +2.0 NNLO(QCD) + NLO(EW)
VBF 122 £0.03  1.58 £0.04  NLO(QCD+EW) + approx. NNLO(QCD)
WH 0.577 £0.016 0703 £0.018 NNLO(QCD) + NLO(EW)
ZH 0.334 £0.013  0.414 £0.016 NNLO(QCD) + NLO(EW)
l99ZH) 0.023 +0.007  0.032 +0.010 NLO(QCD)
1tH 0.086 +0.009 0.129 +0.014 NLO(QCD)
tH 0.012 £0.001  0.018 +0.001 NLO(QCD) ATLAS-CMS, 1606.02266
bbH 0.156 £0.021  0.203 £0.028  5FS NNLO(QCD) + 4FS NLO(QCD)
Total 174 16 223 £2.0
Run1 Run2 . H H
78Tey = 13TeV Higgs Branching Ratios
IRERERE M PR D Sl b
0% M(H)= 125 GeV 5 Decay mode Branching fraction [%]
E o= |
s f L NLOEW !
S F LasdoomaeS=— 1 ] H — bb 57.5 +1.9
R e [
I10§* 3 H—-> WW 21.6 £0.9
N e H—gg 8.56 + 0.86
2 [ P
% 1 — H— 11 6.30 +0.36
g T H - cc 2.90 +0.35
104;; /, H— 77 2.67 £0.11
5 P H— vy 0.228 +0.011
102k J H— Zy 0.155 +0.014
3 N ATV TRTR FORT FRRTRIVET] NN FOUTIE
6 10 11 12 13 14 15 H — pp 0.022 +0.001

(s [TeV]
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Higgs Width

Sensitivity to 'y off-shell:

Caola-Melnikov, Kauer-Passarino, Campbell et al

2 2
8ggH 8hzz

2 2 (on-shell)
doge sH-s 27 N 8sH Bhzz " N MyTh
' —H—ZZ
dm? (m%, — M2)2 + M2T2 o 8agHi &
V4 7z H H H H &hZZ
7&4,\/’2 (mzz > 2/\/72)
z
14 CMs 19.7 fo (8 TeV) + 5.1 b (7 TeV)
_CI ——— H— WW (observed) ~ ------ H — WW (expected)
2 12| —— H-ZZ (cbserved) - H - 2Z (expected)
N

—— H— ZZ+WW (observed) -------

10}

H — ZZ+WW (expected)

CMS, 1605.02329:

My <32, =13MeV (95% CL)

ATLAS, 1503.01060: My < 22.7 MeV

T, (MeV)

Assumes constant couplings unrelated to Aly
A. Pich

Englert-Spannowsky, 1405.0285
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Alternative anaIySiS: Azatov et al, 1406.6338
2
S

4872 v2

z z
z
g ¢ . g
c, CE
' z z 70000000 z
g g g

L=—ctFH+ ¢ Gu G H
v

10
Sr ] 2
<\A o~ |c+ ¢ (on-shell)
“547 0 (\
=t ] M, ~ g8 (5> mi)
% 5 0 5 10
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